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High-speed programmable :a'eqttency-dividcr with syachronotus reload 



This inveatiou claims tlie benefit of U.S, Provisional Application 60/333,280, 
filed 16 November 2001. Attorney Docket US018192P. 

BACKGROUND OF THE INVfiNTlON 
5 I » Field of the Invention 

This inveaitlon relates to the field of <^ectronio devices, and hi particular to a 
high-speed ptognumnable fi:«quency"divider» or niultimodulns pre8caler> that can be loaded 
with a now divisor without disturbing the counting process. 

10 2. Description of Related Alt 

FIG. 1 A illiwstrates a conventional programmable firequency-divider 100> or 

nmltimodulus prescaler, based on the principles disclosed in "A Family of Low-Power Truly 

Modular Programmable Dividers in Standard 035-/mi CMOS Technology" by Cicero S. 

Vaucher et aL in the IBBE Jonmal of SoUd-State Circuits, VoL 35, No. 7, July 2000* and 
1 5 incorporated by reference herem. The iirequency^divider 100 divides a finequonoy of an Input 

signal. In, by a programmed amount. Each counter^stage 110 is a programmable divide-by-2- 

or-3 counter. 

Ignoring for the moment the conxbinatorial logic 118 that couples the last four 
stages Jl, J2, J3, and J-Last of the divider 100, if each of the stages are configured to divide 

20 by 2, the divider 100 will divide the input ixequency by 2°, where n equals tlie number of 
counter stages 1 10; in this example n equals 8. Each of the counter-stages 1 10 is configured 
to be enabled to divide by 3 once per dividing cycle; the input Min of each stage 110 
provides this once-pcr-dividLag-cyclc enabling signal. Vfhen enabled, if the program input 
pg<X> of stage X is a logic-one, stage x divides by 3; if the input pg<x> of stag© x is a logic- 

25 zero, stage x divides by 2* Division by 3 adds one extra cycle at the duration period of the 
particular stage. That is. for example, if tlie pe<3> input is a logic-one, the third stage will 
divide by 3 once per division cycle, adding an extra 2^ clock cycles to the duration of the 
division cycle; if pg<5> is logic-one, the fifth stage will add an extra 2^ clock cycles to die 
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duration of the division cycle. The period of the division cycle of a divider 100 of length n. 
therefore, can be expressed as: 

Tout^2''Ihi^pg<n-'l>2'*^^m'^„.+pg<l>2^Tin + pg<0>m, (1) 
wliorc Tin corresponds to the input clock cycle period. Thu8> absent the combinatoriid logic 
5 U 8 that coiiples the last four stages Jl , J2, 13. JLast, <3he divisor can range between 2" and 
H'^^A, wliich, in tiiis case equates to a range of 256 through 511, 

The combinatorial logic 118 that couples the last four stages Jl, J2> J3, and J- 
I^ist provider a reduction in the cjfTective length, n\ of the divider 100, by efifectively 
ignoring all of the upper stag^ beyond the most significant bit of the current ptogrannned 
10 divisor, , to produce an output period of: 

Tout ^pg<n> TTin^ps<n-\>2'"'^Tin'h...^ pg <l>2^Tin-^ pg <0>71n, (2) 
provided that the progranwned divisor's most significant bit is at least at the Jl, J2, J3, or J- 
Last positioji. That is, using the illustrated eombinatoriai logic to couple the upper k counter- 
stages 1 10, the divisor can range betwem 2'**'''* and 2"*^-l. In iJie example, with n**8 and IxM, 
15 the divisor can range between 2^ and 2^-1, or. 32 to 5 1 1 . 

Equation (2) can be expressed in terms of a divisor output fiequency Fout as: 

^ Fin ^ (3) 

^^^"^ pg<n>2'''hpg<n-l>2''^''^,..'¥pg<l>2'^pg<0>' 

where Fin corresponds to the frequency of the input signal. Because the Min signal to each of 
the counter-stages G, H, and I occurs once per division cycle, any of these signals may be 

20 used as the output signal having the above defined output frequency* Typically, the Min 

signal to the I stage is used as the output signal, because it has the longest pulse duration* and 
therefore the lowest high-fipeguenoy component, of the stages G > H> and I. 

As the title of the lefierenced article mdicates, the structure of FIG. 1 A is 
selected for modularity. Each of the counter-stages 1 10 of FIQ. 1 A arc id^tical. and thus a 

25 redesign of the divider 100 as design roles and feature sizes ch ange can be easily 
accommodated by modifying the common design of the stage 110. 

For ease of subsequent reference, FIG. IB illustrates the Same programmable 
irequency-divider 100, having a dilTercant structural paititioning than that illustrated in FIG. 
1 A. In tlus embodiment, there are thiw different counter-stage modules 120, 130^ and 140. 

30 Each of the modules 120 include the cones^onding counter stage F, G, H» I and J 1 10 and 
associated D-flip-flop 1 1 5 of FIG. 1 A that holds the program value pg<X?>, and is Uhistrated 
in FIG. 3, Fig. 3 shows, m more detail, module 120 that comprises D-flipflops LI. L2, 13 and 
L4, NOR-g^ 125, and AND-gates 126 and 127. Each of the modules 130 mcludes the 
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corresponding counter stage 32, 33 1 10, D-flip-flop 115, alid combmatorial logic 1 18, and is 
illust ated in FIG. 10. The module 140 includes the coTrespoiiding cotinter stage J-Last 110, 
the D-flip-flops 115 and 1 16, and the combinatorial logic 118; the module 140 corre^nds to 
the addition of D-flip-flop 1 16 to the module 130 that is illustrated in FIG. 10 to provide the 
5 input signal (Zin) to the combinatorial lo^c 118. 

As discussed in the referenced article, a common application of the 
programmable frequencyKlivider 100 is as a frequency synthesizer for demodulating high- 
frequency signals, such as radio signals, mcluding radio signals at substantially different 
frequency bands. In such an ^plication, reloading or I'cprogratmning a new divisor value 

1 0 conesponds to a change-of-channel to a new receiver or transmitter fi'equency. Because the 
reprogramming corresponds to a discontinuous changOj there is no need to assure thai: the 
current progression, of counting is not disturbed when the new divisor values pg<x> ore 
programmed. In other i^Ucations^ however, such as whw used as liie counting element in a 
fractional dividert wherein the programmed divisor repeatedly changes from a value of N to a 

1 5 value of N+'l , then back to N, it is essential that the nmning count not be disturbed during 

each leprograimriing of the divider. That is. the divider 100 must divide by either the original 
divisor or the new divisor, only. If the new divisor is loaded while one or more of the stages 
110 of the divider 100 is senjsitive to the programmed divisor value, i.e- enabled to divide-by- 
three or divide-by-tvvro, depending upon the programmed divisor value, the effective division 

20 may be a value that is neither the original divisor nor the new divisor value, because part of 
the count in the division cycle will bo based on the original divisoi^, and the remamder based 
on the new divisor- 

FIG. 2 illustrates atypical timing diagram of the divide-by-S-enable signals, 
MinF-MinJGLast, in a convenfional frequency-divider 100. Also illustrated are select outputs 

25 QS2, QJ3, and QJLast, fbr timing reference* As noted above, each stage x is enabled to divide 
by either two or three, depending upon the stage's programmed value pg<x>, only when the 
incoming enabling signal, MinX, is active. In the illustrated timing diagram, the enabling 
signals MuiF-MinJLast are active-high. A safe-load time period 210 is illustrated in FIG. 2 ^ 
commencing after ail of the enabling signals MinF-MinJLast enter the mactive (low) state» at 

30 220, Generally^ tixe safe-load period extends at least for the duration of all the enabling 

signals remaining in the inactive state, at 230. If tiie details of the embodiment of the stages 
1 10 are known» the extent of the safe-load period can be more precisely deteimincd. In the 
conventional embodiment of a frequency-divider 100 with a counter-stage 110, for example, 
the safe period 210 ends when one of the enabling signals goes inactive while others remain 
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active, or have not yet become active. As illustrated in FIG. 2, MlnJ3 goe$ inactive at 240, 
while MinJ2 is stilt active, and each of Ihe other enabling signals MiiiTl-MinF have not yet 
become active. If a new progtmi value is loaded Lmmediately aftct 240, the new valiie will be 
acted upon by the stages J2-F, but not by the stages J3 and J-Last. Thus, the safe-load period 
5 210 extends only to the end of the active period of MinJ3, at 240. 

Note that, r^ardless of whether the safe-load period ends at 230 or at 240, the 
only signal that is available for synchronizing the load ing of program divisor val ues to this 
satb-load period is the end of the pulse 250 of MinF that marks the start 220 of the safb-ioad 

period. The edges of signals MinJl,MinJ2, and Mi^ be used, because irtie, 

10 generation of tlicse edges is depctident upon the programmed divisor. That is, for example, if 
the programmed divisor is less than 256, the MinJ3 signal does not occur in each dividing 
period; if the divisor is less than 128, the MinJ2 signal does not occur in each dividing 
period; and so on. 

The pulse 250 of MinF tfiat marks the start 220 of the safb-load period, 
15 however, is a short duration, or high-Speed, pulse whose duration is equal to one clock period 
of the input clock frequency. As such, a high-speed circuit is required to generate a 
syachronized program-load signal, FgLoad of FIGs. 1 A, IB, for loading anew divisor 
without adversely affecting the counting process. Because high-speed circuits are generally 
more complex and/or more power^nsuming than lower-speed circuits, most conventional 
20 ftoquency-dividers 100 urilize other signals (MinG, MinH, or %finl) in the divider 100 to 

dEfeot the loading of a new^ divisor value. However, as illustrated in FIG. 2, each of the edges 
of the MinG, MinH, or Mini signals occurs in the Unsafe region 290. and the use of any of 
these signals as the prograni-load signal is likely to cause the loading of a new divisor while 
one or more of the counter-s^es 1 10 is seaisitive to the programmed divisor value. 
25 Additionally, because some of the counter-stages 110 may be enabled to use the new divisor 
value, and others will retain the prior divisor value, the resultant division may be 
substantially diffcreat from a division by either the prior divisor or the new divisor. 

BRIEF SUMMARY OF THE INVENTION 
30 It is an object of this invention to provide a Iiigli-speed programmable-divider 

with a relatively low-frequency synchronized divisor load. It is a fturthcr object of this 
uiveniion to provide a lower-speed program-load signal for a Mj^-speed programmable- 
divider ttmt is synchtonized to effect a load of a new divisor value without adversely 
affecting the division process. 
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These objectt;, and others, are achieved by a programmable-divider that is 
configured to provide a lower-speed tranisitiott signal that occurs during a safe-load period of 
the programmable-divider* A combination of in-phase and reverse-phase covuiter stages are 
used to position the divisor-indepeodent period of each counter stage so that an edge of at 
5 least one of the lower-speed csnabling signals occurs during a period when all of the counter 
stages are in a divisor-independent peadod. The preferred selection of in-phase and reverse- 
phaso ooimter stages also maximizes the critical patli duration, to allow for the accurate 
division of very higjh speed input frequencies. 

10 BREBF DESORIFnON OF THE DRAWINGS 

The invention is explained in jhrther detail, and by way of example, with 
reference to the accompanying drawings whcirein: 

FIQs. 1 A and IB illustrates an example block diagram of a pxior^art 
programmable divider, 

1 5 FIG. 2 illustrates an example timing distgram of signals in the prior-art 

programmable divider. 

FIO. 3 illustrates an example block diagram of a prior-art counter-stage for use 
in a programmable divider* 

FIG. 4 illustrates an example timing diagram of signals in a programmable 
20 divider with an alternative phase-relationship between stages, as compared to the prior*art 
programmable divider. 

FIO. 5 illustrates an example block diagram of a programmable divider with 
an alternative phase-ielatioosfaip between stages* as compared to the prior-^art programmable 
divider. 

25 FIG, 6 illustrates a critical path analysis of the prior-art programmable divider. 

FIO. 7 illustrates a cri tical path analysis of the programmable divider with an 
alternative phase^relationship between stages. 

FIG. 8 illustrates an example timing diagram of signals in a programmable 
divider with a combination of phase-reladonships between stages in accordance with this 
30 invention. 

FIO* 9 illuslxates an example block diagram of a programmable divider with a 
combination of phase-relationships between stages in accordance with this invention. 

FIO. 10 illustrates an example block diagram of a prior art upper-counter-stage 
for a programmable divider. 
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FIG- 1 1 illustirates an exasnpte block diagram of an iq)per-countet-stage in 
accordance with this mveiition. 

Thioughout the drawings, fhe same tefet^nce numerals indicate similar or 
cortespoxidiiig features or ftinctioxis. 

5 

DETAILED DESCIOTTION OF THE INVENIION 

This rnveaation presented usuig an example 8-stage progranrimable divider 
that is divided into two sets of stages, a set of four lower-order stages F-^l, and a set of four 
upper-order stages Jl-JLast to provide a programinable division range of 32-51 1 . As will be 

1 0 evident to one of ordinary skill in Hie art* the principles of this invention are not li mited to a 
particular number of stages in the dividet* nor to a particular partitioning, if any, between 
upper and lower stages in the divider. 

FIO. 5 illustiates a pragrannnable divider SOO with an alternative phase-- 
relationship between stages, compared to the conventional progranunablo divider 100 of 

15 FIGs. 1 A, IB, and FIG. 4 tllustratos a timing diagram of the divide-by-three enabling signals 
MinF - MinJ3 of this divider 500. Each of the stages 120, 1 30 is coupled to its next 
subsequent stage via a cross-coupling of each stage's outputs Q and Q- to the next stage*s 
clock inputs C- and C, respectively. Note that the pha^e relationship between each stage's 
output and each next stage's clock of the divider 500 is the reverse of tibie corresponding 

20 phase-relationship between stages of the divide 100, vfinle aU else tcanains the same. The 
efl^ of &is alternative phase-relationship on the generation of the divide-by-three enabling 
signals MinJa-MinF is iUustrated in FIO- 4. 

In both dividers 100 and 500, the enabling signal is propagated firom the last 
stage J-Last to the Gist stagel'. In the divider 1 00, each output ensibling signal that is 

25 propagated back to a prior stage is generated at the last quarter of input enabling signal* That 
is» for example, the enabling signal 260 of FIG. 2 for the J2 stage, MinJ2, is generated at the 
last quarter of the enablixig signal 270 for the J3 stage, Min33. Similarly, the enabling signal 
280 for the Jl stage, MmJl, is generated at the last quarter of the enabling signal 260 for the 
32 state, MinJ2. 

30 In the divider 500, with an alternative phase-relationship between counter 

stages, each oxftpvX enabling signal that is propagated back to a prior stage is g^erated at the 
second quarter of input enabling signal. That is, for example, (he enabling signal 460 of FIG. 
4 for the 12 stage, MinJ2, is generated at die second quarter of the enabling signal 470 for the 
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J3 stage, MUiJ3. Similarly, the enabling signal 480 for the Jl stage, Minfl, is generated at the 
second quarts of the enabling signal 4^ for the J2 state, MiuJ2. 

The corresponding safe-load period 410 and unsafe period 490 for fee divider 
500 are illustrated in FIG. 4, As in the example of the divider XOO, the safe period 410 of the 
5 divider SOO begina when all of the stages are inactive, at 420. Also as in the example of the 
divider 100^ the safe period 410 of the divider 500 mds when one of the enabling signals 
goes inactive while others remain active, or have not yet become active. In the divider 500^ 
the safe period 410 ends when the MinF signal goes inactive, at 440* 

Note that a ntwnber of active edges 401 , 402» 403, 404 during the safe load 
10 period 410, and any of these edges 401-404 may be used to provide the program-load signal^ 
PgLoad, £6r the divider 500* Preferably, the signal Mini, with active edge 401, would be used 
as the PgLoad* in lieu of MinF with active edge 404, for example, because the use of the 
MhiF signal would require a Mgjh-speed detection circuit. The high-fi'equency oomponent of 
the Mini signal is an ei^jhth as higih as die high'^£:equency componexit of the MinF signal^ and 
15 thus fhe DFFs 115 within the counter stages 120, 130, 140 {ref: FIGs. 3 and 5) can be a 
relatively lower-$peed, and therefore lower-power-consuming, design. 

Unfortunately^ however, the divider 500 is unsuitable for very-high-speed 

design. 

The critical path of a divider is the path required to effect a proper divide-by- 
20 three operation at tlie highest speed stage (the input stage, F) of the divider. FIG, 6 illustrates 
the critical path of the divider 100, and FIG. 7 illustrates the critical path of the divider 500. 
Illustrated in each of these figures are the fhst two counter-stages, F and G. Because the 
divide-by-three enable sign^il for stage F is provided by stage G, while the clock for stagie G 
is provided by stage F, the critical path includes the path required to provide the clock signal 
25 to stage G, and the subsequent propagation of tlio divide-by-three eiiabling signal to stage F, 
as indicated by tho heavy path lines in each of FIGs, 6 and 7, Both critical paths are tlie same^ 
except for tho phase of the clock signal that is provided firom latch L2F of stage F to the 
latches LIG-L4G of stage G. 

With regard to the critical path of the divider 100 illustrated in FIG. 6, latch 
30 L3Q is enabled when the clock, ClkO, is logic^high. This clock, ClkG, is g4»Kdrated iiom the 
inverted Q output of latch L2F when the input clock, ClkF, goes logic-low. TfaU5> when this 
clock is logic-high, the Q output of latch L2F is ]ogio4ow, and the gate 610 inhibits the 
propagation of the divide-by-tbree enabling signal to the latch L3F of stage F. Thus, although 
MinF is provided to stage F when the clock CDcF goes to logic-low, it will not be propagated 
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to the latch 13P until the clock ClkF again goes to logic-low, one clock-cycle later, and 
inverts the Q output of latch L2F to a logic-high state, thereby propagating the MinF signal to 
the input of fee latch 13K When the clock ClkF next goes to logic-high, the enabHng signal 
MinF is passed through the latch L3F to aubsequeatly sensitize the latch L4F to the value of 
5 the piogrammed divisor input P<F>. Thus, the critical path of the divider 100 is one-and-a- 
half clock-cycles of the input clock, ClkF, of stage F. As illustrated m FIGs. lA and IB, the 
divider input sigtial provides the input clock to stage F, and thus the critical path of the 
divider 100 muist be less than one-and-a-half clock-cycles of the mput to the divider 100* 
Alternatively stated, the highest frequency of the input to the divider 100 niust be less than or 

10 equal to l,5/(critical path length). 

The critical-path operation of the divider 500 is similar, e^ccept that the clock, 
ClkG, is generated fit>ni the Q ou^ut of tite latch L2F. and therefore the gate 710 is enabled 
to propagate tiie divide-by-three caiabling signal MinP as soon as it is provided by the latch 
L30 in stage G- That is, soon after the input clock CIWF goes to a logic-low value, and 

15 propagates a logic-high state of ClkG, the MinF signal will be provided by the latch L3G, and 
available at the input to the latch L3F, Thus, when the input clock ClkF next goes to a logtc 
high value, the enabling signal MinF will be propagated through latch L3F, thereby 
sensitising stage F of the divider 500 to the value of the programmed divisor input P<F>- 
Thus^ the oritioal path of the divider 500 is a mere half-clock-cycle; or, the lu|jhest frequency 

20 of the input to the divider 500 must be less than ot equal to 0,5/(cxitioal path length). 

Based on the analysis above, it can be seen that the available fiequenoy range 
of the divider SOO is a third of the available freqxiency range of the divider 100, and such a 
degradation in perfoimance will generally not be acceptable to the marketplace, 

FIG. 9 illustrates an example block diagram of a programmable divider 900 

25 tiiflt overcomes the critical path limitations of the divider 500, and overcomes the high-speed 
requirement for safe-loads of the divider 100. In accordance with this invention, the divider 
900 is configured to operate with a combination of phase-relationships between stages. The 
high-speed stage F is coupled to the next stage O using the phase-relationship of the divide: 
. 100, and at least one low-speed stage is coupled to its next stage usmg tiie phss^rcdationship 

30 ofthe divider 500. 

Because the coupling between stages F and O in the divider 900 is the same as 
Hie couphng pix>vidcd in the divider 100, the critical path analysis of tlie divider 900 is the 
same •'direct coupling'* as discussed above witli regard to FIG. 6. That is, with the coupling as 
shown in FIG. 9 between stages F and G, the maximum input frequency to the divider 900 is 
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L5/{cfi1iciil patli length), or, three times greater than the maximum input frequeacy to the 
dividea-SOO. 

To overcome the high'-speed requircmoit for safe-loads of the divider 100, the 
iq)pcr stages of the divider 900 in accordajace with this invention are eoniigured to use the 
5 "oross-coupled" phase-relationship of the divider 500* By using the altemativo phase- 

rdationsliip in cx^njuijctiou with the conventional phase-relationship between phases, one or 
more active edges can be configured to occur within a safe-load period of tlie divider 500, In 
actuality^ not all of the vtpper stages need be "cross-coupled", and not all of the lower stages 
need be ''directly coupled", t'he high-speed stage F is direct coupled to stage O to increase 

10 the critical path dtiration^ and at least one of the lower-speed stages are cross-coi^led to slaift 
the safe-load period. 

As noted above, signals at each of the stages P, G, H, and I that consistently 
provide a once-per-division-cycle signal can be used to provide a synchronous PgLoad 
signal, regardless of the programmed divisor. Thus, for convenience in maintaining 

15 compatibility with piior-art divisor applications, each of the stages F through I is "directly 
coupled" to its coiresponding next-stage* Preferably* an input signal at the higlier-order stage, 
t, is used, because this signal will generally have a lower high-frequency component than the 
signals in the lower-order stages. 

Also mustrated in FIG. 9 is the use of stages n\ 33* 930, and JLast' 940, which 

20 are modified forms of the conventional stages J2, J3, and JLast of the divide 100. The last 
stage 940 corresponds to tl:i6 stage 930 with the additional D'*flip«>flop 116 of FIG. 1 . Stag0 
930 is illustrated in FIG, 11. As illustrated^ as compared to the conventional stage 130 of 
FIG. 10> the combinatorial logic 118 of stage 930 is connected to the input of the latch L3, 
rather than to the output of latch L3 in stage 130, By placing the logic 1 18 on the input side 

25 of latch L3, the control input Zin is isolated fiom the control output Zout by a clocked latch, 
thereby synchronizing the propagation of tlie control signals to allow the divisor to be 
changed, during the safe-load period, without affecting tiie ongoing division. 

FIG. 8 illustrates an example timing diagram of siguals in a progranunable 
divider 900 wilh a combination of phase-relationships between stages in accordance with ^s 

30 invention. The illustrated dividc-by-three enabling signals, MinJl-MmJ3 that are provided to 
each of llie stages JI throu^ 13' of FIG, 9 correspond to crosa-coupled phase relationships 
between the outputs of each stage and the mpiMt of each subsequent stage» as detailed above 
witli regard to the stages of the divider 500. The illustrated divide-by-tbtee enabling signals 
MinP-MinI that are provided to each of the stages F through I of FIG. 9 correspond to the 
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directlyKi^tipled phase relationships bebveeti the outputs of each stage and the input to each 
subsequent stage, as detailed above with regard to the divider 100« 

As illustrated, the safe-load period 810 begins at 820, when aU of Iho divide- 
by-th£«e enabling signals Mini throu^ MinJ3 are inactive. The safe-load period 810 ends 
5 when one of the enabling signal, MinJl, goes active-tlien-inactive again^ while one or more 
of the other enabling signals are still active, or y&t to become active again. 

Of particular note, within the safe-load period 8 10, aa active edge 850 occurs 
on the enabling signal Mini. As noted above, the Mini signal operates at an eighth of the 
fi^quency of the MinF signal, and is thus considered a relatively low-^peed signa! in the 

1 0 content of the maximum J&equenoy of the divid^ 900. This relatively low-^eed signal. Mini, 
is used as the program load, PgLoad, ^^gnal to load any new divisor value into ^ divider 
900, as illustrated in FIG, 9. Bach of the D^^Plip-Plops 115 in the Htsi&ss 120, 930» 940 that are 
used to receive and store the divisor value, therefore, can be designed as relatively low-^peed, 
and therefore low-power-consuming devices. 

15 Because the active edge 850 of the Mini signal occurs during fte safe^load 

period, it is assured that the counting process of the divider 900 will not be affected by the 
load, except that the next divisor cycle will be based on the newly loaded divisor value, as 
desired. That is, in the divisor cycle before the new divisor is loaded, the division fector wiU 
be the prior divisor, and in the next divisor cycle after the new divisor is loaded, the division 

20 ilictor will be the new divisor, with no intermediate division factors being introduced* 

Additionally, because the ^&iF signal is propagated based on a direct coupling of stages F 
and the maximum input frequency to the divider 900 of this havention is not degraded, 
compared to the conventional divider 100 of the prior art 

The fbregoing^merely illustrates the principles of the invention. It will thns be 

25 appreciated that those skilled in the art will be able to devise various attangements which, 

altliough not explicitly described or shown herein, embody the priticiplcs of the invention and 
are thus within its spirit and scope. For example, the block diagrams illustrate the logical 
operation of the dividers^ and the counter stages. As is common in the art, logical 
equivalences may be employed to optimize the performance of the designs. For example, in a 

30 preferred embodiment, NOR gates are used with inverted inputs, in lieu of the AND gates, to 
diminate an inversion delay in each stage, as well aa to reduce the "headroom" requirement 
(the number of stacked devices between power sources). These and other systtoi 
configuration and optimization features will be evident to one of ordinary skill in the art in 
view of this disclosure, and are included within the scope of the following claims. 
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CLAIMS: 



1 . A progrcuxunable-divider tiiat receives an. hxpnt &igaal at a Srst frequency and 
provides an output jsigna} at a second frequency, a ratio of the first fircquency to the second 
frequeaacy being based on a programmed divisor value, the prograinmable-divider 
Gompiisiiig: 

5 a plurality of counter-stages, operably connected to each other in series, such 

that an output of each counteT'^Btage provides an input to a subsequent counter-stage, 
wherein: 

each counter-stage of the plurality of countei--stages is configured to effect a 

division of a frequency of the input to the counter-stage by either a first factor or a second 
10 factor to produce Ihe output of the counter-stage, based on a value of a corresponding subset 

of the progranamed divisor value, and 

the output of at least one counter-stage of the plurality of counter^stages 

provides the input to its subsequent counter-stage in an iu'^phsMMd relationship wiUi the ou^ut 

of the at least one counter^stago^ and 
15 the output of at least one other coimter^tage of the plurality of coimter^stages 

provides the input to its subsequent counter-stage in a reverse-phase relationship with the 

output of the at least one other counter-stage. 

2. The pro^ainm^leKlivider of claim 1, wherein each counter-stage of the 

20 plurality of counter-stages is configured to effect the division by either the first factor or the 
second &ctor based also on an enabling signal that is provided by its subsequent stage* 

3. The programmable-divider of claim 2, wherein 

each coimter-stagc is further configured to receive a load signal that effects a 
25 load of the coxresponding subset of the programmed divisor value, and 

the programmable-divider is configured to provide the load signal ^ a time 
when each counter-stage is conOgiured to effect the division by the first factor ouly> 
independent of the programmed divisor value^ 
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4. The programmable-divi der of claiin 1 , wherein 

each counter-stage is fiirther configured to receive a load signal that effects a 
load of the corresponding subset of the programmed divisor value, and 

the prograimnablo-divider is configured to provide Hxe load signal at a time 
5 when each counter-stage is configured to effect the division by the first factor only, 
independent of the progi-ammed divisor value. 

5. The programmabl e-divider of claim 1, wherein 

the in-phase relationship provides a first critical path duration* 
10 tlie reverse-phase relationship provides a second critical path duratiax)» 

a high-speed phase relationship cotresponds to: 

the in-phas6 xelationship* if tJie JSrst critical path duration is longer 
than the second critical path dntaiion» or 

the reverse-phase relationship, if the first critical path duration is not 
1 5 longer than the second critical path duration, and 

a first counter-stage that receives the input signal to the programmable-divider 
is coupled to its subsequent counter-stage via the high-speed phase relationship. 

6. The prograrnmable-^iividcr of claim 1 , wherein 

20 the |«ogrammable-divider is configurable to provide an efieotive counter- 

length that is shorter than the plurality of counter>^tages» 

the at least one other coimtec<^stago is also configured to receive a control input 

and provide a control outpqt, the control input and output being configured to control the 

effective counter-lCTgth^ and 
25 the at least one other coimter-stago provides the control output fiom the 

contnol input via a clocked device. 

7. A counter-stage for use in a programmable-divider having a maximum 
counter-length and is coniigurable to provide an effective counter-length Aat is less than the 

30 maximum comiter-length, the counter-stage comprising 

a counter that is configured fo selectively toggle an output signal (Qout), based 
on an enabling signal, and 
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control logic that is configuicd to provide the mabling signal and a cotitrol 
output^ based on a programmed value and a control input, the control input and the control 
output being configured to control the effective cQtrnter-length^ 

wherein the control logic includes at least one clocked device that isolates the 
5 control input ftom the control output. 

8. The counter-stage of claim 7, wherein the counter selectively toggles the 
ovLtpui signal to divide a clock signal by citlier two or three. 

9. A nmltimodiiliis prescaler^ comprising! 
a first plurality of counter^stages tib^t are each configured to effect eith^ a 

divide-by-two or divide-by-three operation, based on a first subset of a programroed divisor 
value, and 

a second plurality of count^stages, coupled in series to the first plurality of 
coimter-^stages, that are each configured to elSbct either a divide-by-two or divide4>y^three 
operation, based on a second subset of a programmed divisor value« 
wherein 

, the first plurality of counter-stages are each coupled in series to each other via 
a first phasG-relatioaship, and 

the second plurality of counter-stages are each coupled in series to each other 
via a second phaso^relationship that is opposite to the first pliase-relationship. 

10. The multim<}dulus prescaler of claim 9, wherein 
each counter-stage of the first and second plurality of counter-stages is 

25 configured to receive tlie first and second subsets of the programmed divisor value upon 
receipt of a load signal, and 

the multimodulus prescaler is configiued to provide the load signal when each 
of the first plurality of counter-stages is configured to effect the divide-by-two operation, 
independent of the programmed divisor value. 

30 

11. The multimodulus prescaler of claim 10» wherein 

the first plurality of counter-stages is coupled in series to a fii^t counter-stage 
of the second plurality of counts-stages^ aud 
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the load signal is provided by the first counter-stage of the second plurality of 
counter-stages. 

12, The multimodxilus prescaler of claim 9, whereiii 

5 the first phaserteltitionship is characterized by a Sxst critical path duration, and 

the second phase-relationship is clxaracterized by a second critical path 
dtiration that is substantially shorter than the first critical path duration. 

13* A metliod of dividing a iirst frequency of an input signal to produce an output 

10 signal at a second frequency^ comprising: 

selectively enabling each counter-stage of a plurality of counier-stagos to 
effect a division by a first &ctor or a second £u:tor» depending upon a programmed divisor 
value, and 

providing an output of the division fium each counter-stage as an input to a 
1 5 subsequent counter-stage, wherein 

the output of the divisjon fioni a first set of counter-stages is provided in a first 
phase-relationship, and 

the output of the division fixnn a second set of counter-stages is provided iu a 
second phase-rdatianship that is opposite to the first phase relationship. 

20 

14. The method of claim 13, also including: 

loading tiie programmed divisor value at a time when each of the plurality of 
counter^stages is enabled to effect the division independent of the programmed divisor value. 
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